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USE OF FENCES TO INCREASE UNIFORMITY OF BOUNDARY IAYER ON

SIDE WALLS OF SUPERSONIC WIRD TURNELS

By Rudolph C. Hazefeli

SUMMARY

An investigation of the use of solid fences installed on the side
walls of a supersonic wind tunnel to retard the development of trans-
verse flow and thus to increase the uniformity of the side-wall bound-
ery lsyer i1s reported. Beneficlal results were obtained with fences
which had depths of the order of the boundary-layer displacement thick-
ness and which followed potential-flow streamlines through the nozzle.
Reduction of the number of fences or each side wall from four to two
eliminated thelr effectiveness.

INTRODUCTION

Because of the static-pressure gradient normal to the axls of two-
dimensionsl supersonic nozzles, trensverse velocity components are ini-
tiated which cause large deviatlions of the boundary-lsyer streamliines
from potential-flow stresmlines (reference 1). Immediately downstream
of the throat the pressure is greater at the center line of the tunnel
than at the contour walls; therefore the side-wall boundary-layer flow
is deflected farther away from the center line than the potential flow
(£ig. 1). Farther downstream, but still near the throat in the nozzle,
the pressure becomes less at the center line than at the contour walls;
the boundary-layer flow along the side walls therefore turns towerd the
center line. This transverse flow conbtinues to increase in megnitude
downstream of the nozzle because of the secondery flows peculiar to
noncircular ducts (reference 2). Therefore, except close to the throstb,
the low-enexgy alr of the boundary layer is continuelly swept toward the
center line of the side walls as the flow progresses downstream
(fig. 1). As a result, the boundary layer grows more rapldly along the
side~wall center line. This growth 1ls more pronocunced at higher Mach
numbers because the transverse pressure gradient in the nozzle increases
with the deslgn Mach number of the nozzle.

Some experimental date obteined in reference 3 and unpublished
investigations which illustrate this boundary-layer growth are shown in
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figure 2, 1n whlch the displacement thlckness 8% 418 plotted at various
distances fram the side-wall center line. The data of figure 2(a) were
obtalned by cross-plotting data presented in reference 3. The cocrdinate
x', used in flgure 2(a) to indicate the relative separation of the axisl
stations, is zero at the centér of the test rhombus. The data of fig-
ures 2(b) and 2(c), obtained in the Lewls 12- by 12-inch and 6~ by
6-Inch tunnels, respeoctively, have not previously been reported. These
data clearly show the lncrease of center-lline displacement thickness
wlth distance fram the throat and with Mach number for these tunnels.
The cusps, at 2z = 0, are Indlcative of secondary flow normal to the
side wall within the boundary layer at the center line (fig. 1). It

1s apparent that at high supersonic Mach numbers the dlsplacement thick-
ness may become an apprecilable fractlion of the oross-section dimensions
of small tunnels.

Theoretlcal predictlons of the growth of the boundary layer along
the slde walls are difficult because of the complexity of the equations
requlred to describe the flow. The exlistence of secondary flow in
straight noncircular cheannels le, however, proved in reference 4 by an
application of the vortleclty transfer theory. Addltional analyses of
three-dimensional boundary-layer flows are presented In references 5
to 7. A method for calculating turbulent boundary-layer growth in the
presence of pressure gradilents along streamlines ls given In refer-
ence 8. An application of thls method to supersonlc nozzle flow, how-
ever, ylelds values of displacement thlckness which are not as large
along the side-wall center llne ae those obtalned experimentally.

Although the phenomena of the large boundary-layer growbth along
the center line can be explalned, as yet, only qualltatlvely, several
sxperimental means for Increasing the unliformlty of the boundary layer
and thus increasing the useful test-gectlon aresa and the maximum size
of test models have been proposed. One of these, the Installation of
80l1d fences along potentlal-flow streamlines wlthin the silde-wall
boundary layer to retard the transverse flow, has been investligated
in the NACA Iewls 6- by 6-1lnch tunnel. .The results of thls investi-
gatlon are presented herein.

Apparatus

This iInvestlgation was conducted In the Iewls 6- by 6-Ilnch hyper-~
sonlc contlinuous-flow wilnd tunnel. Further information about this
tunnel is glven In reference 8. The Instrumentation lncluded a pitot-
pressure probe and a static-pressure probe (fig. 3) which were used
with & mercury menameter and a differential butylphthalate manocmeter,
regpectively, for determining Mach numbers. A set of four fences,
curved to follow potential-flow streamlines, was made to be mounted
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on the side walls of the tunnel (figs. 4 and 5). The depth of protru-
sion into the stream was initlally chosen approxlmately equal to nine
tenths of the boundary-layer thickness (0.98). Two sets of fences with
depths approximately equal to the displacement thickness &% and %o
twlce the displacement thickness 25% were &lso used. These depths
were determined experimentally wlthout the fences at two axlal stations
on the fence streamlines and interpolated llnearly. The fences, made
from one-elghth inch bress strips to compromise between thinness and
rigidity, were set in milled grooves and fastened to the slde walls
wlth screws. The upstream ends of the fences were tapered to a polnt.

Operating Conditions

The tests were conducted with an Inlet pressure of 125 £3 pounds
per square inch gage within two temperature ranges, 125° £3° F and
193° £13° F. The dew-point temperature was less then -10° F at atmos-
pheric pressure. The flow emptied Into an exhaust 1line where a pressure
of between 2 and 3 inches of mercury absolute was maintalined. The
test-section Reynolds numbers (computed from pressures measured in the
test-section) were 1.8 to 2.7x108 per foot at a nominal Mach number of
5.5. Ho significant changes In the boundary-layer proflles could be
attributed to inlet conditlons wlthin the ranges of these tests.

RESULTS

Mach number profiles with and without the fences (depths based on
0.98) installed are compared in figure 6. The fences reduce the boundary-
layer thickness near the side-wall center line (z = 0) and increase the
boundary-layer thickness nearer the cantour wall (z = 1). The uniform-
ity of the slde-wall boundery layer ls therefore lncreased. In addition,
the Pences reduce the distortion of the proflles at =z = 0. In flg-
ure 6(b) the data for 2z = 1 &are not shown because the Ffencea extended
through this station.

The exial variations of dlsplacement thickness 8% and momentum
thickness € obtained from these and other Mach number proflles are
shown in figiires 7 end 8. 7Values of &% and 6 for the profiles of
flgure 6 are glven in table I. These data show again that the uniform-
1ty of the boundary layer ls Increased by the fences.

The effect on the boundary layer of the fences with depths based
on 5% and 285% was about the seme as that of the fences wlth the
intermediate depth of 0.95; consequently, data are presented only for
the Pences with depth of 0.98. The deepest of the three sets of Pences
(those of depth of 285%*), however, caused undesirable disturbances in
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the stream. Although the effect of the wldth of the fences was not
investigated, one might expect to reduce thege dlsturbances by using
thinner fences.

In order to determine whether the length of the fences beyond the
lagt tunnel expansion waves had an effect on thle uniformlty of the
boundary layer, the fences wlth depths based on &% were shortened so
that they extended only slightly into the test rhombus (downstream end
indicated by X in fig. 4). These fences were as effective as the
original fences in Increasing the boundary-layer uniformity.

With the two internal or with the two extermal Pfences (depths
based on 0.90) alternately removed there was no significant improvement
on the results obtalned without fences.

CONCLUSION

Blde-wall fences which follow potentlal-flow streamlines through
the nozzle effectively retard the secondary flow and lnorease the
uniformity of the boundery layer on the side walls of two-dimenslonal
supersonlc tunnels. These fences need have depths no greater than the
displacement thickness. The number of fences installed on each gide
wall affects the extent to which the secondary flow 1ls retarded.

Lewis Flight Propulsion Laboratory
Natlional Advisory Commlittee for Aercneutics
Cleveland, Ohlo .. . o
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TABLE I ~ VALUES OF DISPLACEMENT THICKNESS

AND MOMENTUM THICKNESS FOR PROFILES

OF FIGURE 6
Distance Without Pfences | With fences
from |Distance from side-wall center line, %, in,
throat 0 1 0 1
(n.) s« 6 | o] 68 | 6% | 8 |8% ]| o
16 0.50{0.034/0.14|10.010| 0,34 [0.022 jeemmm |mmmmw
27%- .73} .052] .22 | .016| .49 | .034 |D.48 [0.033
38k .88| .057| .22 .013| .63 | .040| .54 ] .035

.94 .068| .34 | .024{ .65 | .042 | .44 | .029

'S
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Flgure 1. - Schematic dlagram illustrating growth of boundary layer om tunnel walls.
indicate direction of secondary flow; shaded area indicates boundary-layer reglon.

Coordinste gystem is also shown.
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(2) North American 16- by 16-inch tunnel. Msch mmber, 2.87 (reference 3).
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Flgure 2. - Displacement thickness measured on side walls of three tumnels. X, ‘digtance from throat, in.;
x', diptance from center of test rhombus, in,
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() Side views of pltot- and static-pressure probes.

0.006" by 0.040"
outaide dimensiona

W

C-29724

(b) Front view of pitot-pressure probe (magnified}.

Figure 3. - Pltot- and statlioc-pressure surve'y probes.
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(a) Location of fences relative to tunnel nozzle.
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Fence B
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(b) Dimensions of fences with depths based on nine tenths of
boundary-layer thickness.

Figure 4. - Geometry of fence 1nstallation.
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Figure 5. - Installation of fences on side wall.
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Figure 6. - Comparison of Mach number profiles at various axial distances from
throat with and without fences.
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Comparison of Mach number profiles at various axial distances
from throat with and without fences.
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Figure 7. - Varlation of displacement thickness with distance from throat.

' * ¥8Se * *




[

98 - Eg-91-L - LsTRWI-VOVN

Momentum thickpness, 9, in.

2584

DMptance from
slde-wnll
center line
Z
3y {irn.)
0 0 Without fences
o 1 Without fences
el 0 With fences
A 1 With fences
lG .
Q
.0
0
Q
b o
. ',.g 0
0 A
[1)] ﬁ ):l
o P
]
.02 L
(n]
N (m}
{1
0 | 16 24 32 40 48 58

Distance from throat, x, in.

Flgure B. - Variation of mcmentum thickness with distance from throat.
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